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Description

TECHNICAL FIELD

[0001] The present disclosure relates to arrangements
and configurations of multi stage gas turbines and steam
turbines.

BACKGROUND INFORMATION

[0002] A common objective of turbine manufacturers,
whether it be manufacturers of steam turbine or gas tur-
bines, is the improvement of efficiency. This can be
achieved by reducing leakages, optimising the degree of
stage reaction, blade aspect ratio, stage loading and
blade configuration, including the application of 3D stack-
ing, twisting, bowing and lean. Nonetheless, there is a
continued need to seek new opportunities to improve tur-
bine efficiency.

SUMMARY

[0003] Provided is a turbine with an arrangement that
can provide improved efficiency, in particularly for tur-
bines configured for low volumetric flow applications with
low root reaction.
[0004] It attempts to address this problem by means
of the subject matters of the independent claim. Advan-
tageous embodiments are given in the dependent claims.
[0005] The disclosure is based on the general idea of
providing an oscillating flow annulus in which guides of
reduced heights are used thereby creating a step in the
flow annulus at selected turbine axial stages.
[0006] One general aspect includes a turbine for gen-
erating work by a stagewise expansion of a gas, wherein
the turbine has an axial direction corresponding to an
expansion flow of the gas and a radial direction. The tur-
bine comprises a casing inner surface, a hub, a first axial
stage and a second axial stage. The first axial stage in-
cludes a first guide fixed to the casing inner surface and
a first runner fixed to the hub downstream of the first
guide. The first runner also includes a first runner tip ra-
dially distal from the hub and a first runner average radial
height between the first runner tip and the hub along an
axial midpoint of the first runner. The second axial stage,
downstream of the first axial stage, includes a second
guide fixed to the casing inner surface and having a sec-
ond guide tip distal from the casing inner surface and a
second guide average radial height between the second
guide tip and the casing inner surface along an axial mid-
point of the second guide. The second axial stage further
includes a second runner fixed to the hub downstream
of the second guide. The turbine is configured such that
the second guide average height is less than the first
runner average height. This imparts the turbine with an
oscillating annulus.
[0007] Further aspects may include one or more of the
following features. A hub diameter in a region extending

between and including the first guide and the second
runner that is constant. A hub radius in a region extending
between and including the first guide and the second
runner that is variable such that the hub radius both in-
creases and decreases. A first runner radial height be-
tween the hub and the first runner tip that increases along
the axial direction such that a hade angle formed by of
the first runner tip is constant along the axial direction. A
second runner radial height that increases along the axial
direction such that a hade angle form by the second run-
ner tip is constant along the axial direction. The first guide,
along the casing inner surface in the axial direction, form-
ing a bellmouth shape and the second guide, along the
casing inner surface in the axial direction, forming a bell-
mouth shape. A first guide radial height between the cas-
ing inner surface and the first guide tip that decreases
along the axial direction such that the first guide tip forms
a bellmouth shape along the axial direction. A second
guide radial height between the casing inner surface and
the second guide tip decreases along the axial direction
such that the first guide tip forms a bellmouth shape along
the axial direction. A K value of the first runner that varies
from 0.25 at the hub to 0.16 at the first runner tip. A K
value of the second guide that varies from 0.15 at casing
inner surface to 0.25 at the second guide tip.
[0008] The turbine may also be a steam turbine which
includes one or more of the following features. A root
reaction of 30%. A back surface deflection of the first
runner, the second runner or both the first runner and the
second runner between 25 degree and 35 degrees. A
disc circumferential speed at the hub and a velocity equiv-
alent of stage isentropic total to status heat drop lies in
a range of 0.5 to 0.56. A ratio of a second guide tip radius
to a hub radius is less than 1.3.
[0009] The turbine may also be a gas turbine with a
back surface deflection of the first runner and/or the sec-
ond runner of between 25 degrees and 30 degrees.
[0010] Other aspects and advantages of the present
disclosure will become apparent from the following de-
scription, taken in connection with the accompanying
drawings which by way of example illustrate exemplary
embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] By way of example, an embodiment of the
present disclosure is described more fully hereinafter
with reference to the accompanying drawings, in which:

Figure 1 is a top view of a turbine axial stage;

Figure 2 is a side view of adjacent turbine axial stag-
es to which exemplary embodiments are applied;
and

Figure 3 is a side view of adjacent turbine axial stag-
es to which another exemplary embodiment is ap-
plied.
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DETAILED DESCRIPTION

[0012] Exemplary embodiments of the present disclo-
sure are now described with references to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth to provide a thorough understanding of the disclo-
sure. However, the present disclosure may be practiced
without these specific details, and is not limited to the
exemplary embodiment disclosed herein.
[0013] Fig. 1 shows a turbine axial stage 30, 40 to
which exemplary embodiments of the invention can be
applied. The turbine axial stage includes guides 32 dis-
tributed in a circumferential direction and downstream
runners 36 distributed in a circumferential direction. The
guides 32 and runners 42 have a pitch 24, a throat 22
and a back surface deflection angle δ wherein, the pitch
24 is defined as the distance in the circumferential direc-
tion between corresponding points on adjacent guides
32 and adjacent runners 42, the throat 22 is defined as
the shortest distance between surfaces of adjacent
guides 32 and adjacent runners 42, and the back surface
deflection angle δ is defined as the ’uncovered turning’,
that is the change in angle between suction surface throat
point and suction surface trailing edge blend point.
[0014] In an exemplary, shown in Fig. 1 and applied to
a turbine for generating work by the stagewise expansion
of a gas, the turbine has an axial direction 14 correspond-
ing to an expansion flow of the gas and a radial direction
16. The turbine has a casing inner surface 12 and a hub
10. Between the casing inner surface 12 and hub 10 are
a plurality of turbine axial stages. Each axial stage in-
cludes a guide 32, 42 fixed to the casing inner surface
12 while each guide 32, 42 has a guide tip 34, 44 that is
distal from the casing inner surface 12 wherein at an axial
midpoint of each guide 32, 42 the distance between the
casing inner surface 12 and the guide tip 34, 44 defines
an average guide height 35, 45.
[0015] Adjacent and downstream of each guide 32, 42
is a runner 36, 46 fixed to the hub 10. Each runner 36,
46 has a runner tip 38, 48 that is distal from the hub 10
wherein at an axial midpoint of each runner 36, 46 the
distance between hub 10 and the runner tip 38, 48 defines
an average runner height 37, 47.
[0016] As shown in Fig. 1, in an exemplary embodi-
ment the second guide average height 45 is less than
the first runner average height 37. This creates a
waved/stepped casing inner surface 12 while the hub 10
remains essential straight.
[0017] In an exemplary embodiment shown in Fig. 1 in
the axial direction along the casing inner surface in the
axial direction, the guide 32, 42 forms a bellmouth shape.
[0018] In a not shown exemplary embodiment in the
axial direction along the guide tips, 34, 44, the guide tips
34, 44 form a bellmouth shape.
[0019] In an exemplary embodiment shown in Fig. 1,
the hade angle θ, defined as flare angle of the tip of a

runner 36, 46, is constant in the axial direction 14.
[0020] In another exemplary embodiment shown in
Fig. 2, where the second guide average height 45 is less
than the first runner average height 37, both the casing
inner surface 12 and the hub have a wave/step shape.
In this way, in the region between and including the first
axial stage 30 and second axial stage 40, the hub radius
both increases and decreases.
[0021] In an exemplary embodiment, the K value of the
runner 36, 46, defined a ratio of the throat 22 to pitch 24,
varies from 0.25 at the hub to 0.16 at the runner tip 38, 48.
[0022] In an exemplary embodiment, the K value of the
runner 36, 46, defined a ratio of the throat 22 to pitch 24,
varies from 0.15 at casing inner surface to 0.25 at the
guide tip 34,44.
[0023] In an exemplary embodiment a ratio of a second
guide tip radius to a hub radius is less than 1.3.
[0024] Due to differences between gas turbine and
steam turbines, application of a waved/stepped casing
inner surface 12 of exemplary embodiments may require
difference configurations for the two types of turbines.
[0025] In an exemplary embodiment applied to a steam
turbine either the first axial stage 30, the second axial
stage 40 or both the first axial stage 30 and second axial
stage 40 are configured to have a root reaction of around
30%. In a further exemplary embodiment the steam tur-
bine has a back surface deflection δ of the runner 36, 46
of between 25 degree and 35 degrees to reduce losses.
It may further be configured such that in normal operation
a ratio of a disc circumferential speed at the hub Ur and
a velocity equivalent of stage isentropic total to status
heat drop C0 lies in the range of 0.5 to 0.56.
[0026] In an exemplary embodiment applied to a gas
turbine a back surface deflection of the first runner and/or
the second runner is between 25 degrees and 30 de-
grees.
[0027] Although the disclosure has been herein shown
and described in what is conceived to be the most prac-
tical exemplary embodiments, the present disclosure can
be embodied in other specific forms. The presently dis-
closed embodiments are therefore considered in all re-
spects to be illustrative and not restricted. The scope of
the disclosure is indicated by the appended claims rather
that the foregoing description and all changes that come
within the meaning and range and equivalences thereof
are intended to be embraced therein.

REFERENCE NUMBERS

[0028]

10 hub
11 hub radius
12 casing inner surface
14 axial direction (corresponding to an expansion

flow)
16 radial direction
18 circumferential direction
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20 axial midpoint
22 throat
24 pitch
30 first axial stage
32 first guide
34 first guide tip
35 first guide average height
36 first runner
37 first runner average height
38 first runner tip
40 second axial stage
42 second guide
44 second guide tip
45 second guide average height
46 second runner
47 second runner average height
48 second runner tip
Θ hade angle
δ back surface deflection
Ur disc circumferential speed at the hub
C0 velocity equivalent of stage isentropic total-to-stat-

ic heat drop = sqrt(2ΔHTS)

Claims

1. A turbine for generating work by a stagewise expan-
sion of a gas, the turbine having an axial direction
(14) corresponding to an expansion flow of the gas
and a radial direction (16) and further comprising:

a casing inner surface (12);
a hub (10),
a first axial stage (30) including:

a first guide (32) fixed to the casing inner
surface (12):

a first runner (36) fixed to the hub (10)
downstream of the first guide (32), hav-
ing:

a first runner tip (38) radially distal
from the hub (10),
a first runner average radial height
(37) between the first runner tip
(38) and the hub (10) along an axial
midpoint of the first runner (36);

a second axial stage (40), downstream of the
first axial stage (30), including:

a second guide (42), fixed to the casing in-
ner surface (12), having;

a second guide tip (44) distal from the
casing inner surface (12);

a second guide average radial height (45)
between the second guide tip (44) and the
casing inner surface (12) along an axial mid-
point of the second guide (42); and
a second runner (46), fixed to the hub (10)
downstream of the second guide (42),

characterised by the second guide average
height (45) being less than the first runner aver-
age height (37).

2. The turbine of claim 1 wherein the hub (10) has a
hub radius and the hub radius in a region extending
between and including the first guide (32) and the
second runner (46) is constant.

3. The turbine of claim 1 wherein the hub (10) has a
hub radius and the hub radius in a region extending
between and including the first guide (32) and the
second runner (46) is variable such that the hub ra-
dius both increases and decreases.

4. The turbine of claim 1 or 3, further comprising:

a second runner tip (48) radially distal from the
hub (10),
wherein:

a first runner radial height between the hub
(10) and the first runner tip (38) increases
along the axial direction (14) such that a
hade angle (θ) formed by the first runner tip
(38) is constant along the axial direction
(14); and
a second runner radial height increases
along the axial direction (14) such that a
hade angle (Θ) formed by of the second run-
ner tip (48) is constant along the axial direc-
tion (14).

5. The turbine of any one of claims 1 to 4, wherein the
first guide (32), along the casing inner surface (12)
in the axial direction (14), forms a bellmouth shape
and the second guide (42), along the casing inner
surface (12) in the axial direction (14), forms a bell-
mouth shape.

6. The turbine of any one of claims 1 to 5 further com-
prising
a first guide tip (34) distal from the casing inner sur-
face (12), wherein:

a first guide (32) radial height between the cas-
ing inner surface (12) and the first guide tip (34)
decreases along the axial direction (14) such
that the first guide tip (34) forms a bellmouth
shape along the axial direction (14); and
a second guide (42) radial height between the
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casing inner surface (12) and the second guide
tip (44) decreases along the axial direction (14)
such that the first guide tip (34) forms a bell-
mouth shape along the axial direction (14).

7. The turbine of any one of claims 1 to 6 wherein a K
value of the first runner (36) varies from 0.25 at the
hub (10) to 0.16 at the first runner tip (38).

8. The turbine of any one of claims 7 wherein the K
value of the second guide (42) varies from 0.15 at
casing inner surface (12) to 0.25 at the second guide
tip (44).

9. The turbine of any one of claims claim 1 to 8 wherein
the turbine is a steam turbine and the first axial stage
(30) is a first axial stage of the turbine configured
with a root reaction of 30%.

10. The turbine of claim 9 wherein a back surface de-
flection (δ) of the first runner (36), the second runner
(46) or both the first runner (36) and the second run-
ner (46) is between 25 degree and 35 degrees.

11. The turbine of claim 9 wherein the first axial stage
(30) is configured such that in normal operation a
ratio of a disc circumferential speed at the hub (Ur)
and a velocity equivalent of stage isentropic total to
status heat drop (C0) lies in a range of 0.5 to 0.56.

12. The turbine of claim 9 wherein a ratio of a second
guide tip radius to a hub (10) radius is less than 1.3.

13. The turbine of any one of claims 1 to 9 wherein the
turbine is a gas turbine and a back surface deflection
(δ) of the first runner (36) and/or the second runner
(46) is between 25 degrees and 30 degrees.
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